The process by which spiders store large silk proteins (spidroins) in high concentration in their glands and then spin them through their ducts into some of the strongest and toughest tensile materials known remain a critical question for the development of high-performance bioinspired fibrous materials [1] . Through decades of research, the primary sequences of the predominant natural silk spidroins have been determined, several biochemical triggers (e.g. pH change and shear) of the spinning process have been identified and can be artificially mimicked, and the microstructure of naturally-spun and artificial silk fibers have been well characterized [1]. However, the mechanism(s) that enable high concentration protein storage in the duct, and the subsequent processes of transformation into solid [polycrystalline] fiber that occurs in the spinning duct remain largely mysterious. It is theorized, for example, that the spidroins, being generally amphiphilic, pack into micelle-like species ("micelle theory") during storage in the spider's gland [2, 3] , and are then funneled through the spider's spinning apparatus where they are transformed into liquid crystalline microstructures and ultimately into solid silk fibers. Despite the support in the field for the micelle theory of spidroin storage, we have lacked direct evidence that validate this theory and verify the existence of micellar nanoparticles in the silk dope precursor of spiders.
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In this work, we have used a combination of two complementary nanoscale characterization techniques to test the micelle theory [2, 3] and investigate the initial steps of transformation that occur when the silk protein dope solution is extruded/sheared. We analyzed the natural protein dope from the silk glands of Black Widow spiders to determine the physical form of the liquid precursor of natural silk fibers. We use a combination of direct and indirect characterization methods, applying solution NMR spectroscopy and cryo-TEM tomographic imaging using discrete 3D reconstruction and visualization (discrete algebraic reconstruction technique, DART). Measuring the diffusion behavior of the spidroins in the natural silk dope by NMR reveals that the spidroins in the silk precursor are predominantly confined within entangled volumes of several-hundred nm diameters, suggesting the existence of tightly-packed spherical micelles, as postulated in the existing micelle theory [2, 3] . High-resolution 3D imaging of these nanostructures by cryo-TEM tomography (Figure 1) shows that the spidroin micellar assemblies are far more morphologically complex than previously postulated, existing as hierarchical micellar nanoparticles (~100-400 nm diameters) composed of networks of flake-like subdomains [4] . When the native dope solution is physically sheared, mimicking the extrusion process through a spider's spinning duct, we find that the subdomains within the hierarchical micelles transform, become narrowed and elongated fibrils that remain aggregated as hierarchical interwoven assemblies [4] . 
